Strategies aiming to improve spinal cord regeneration after trauma are still challenging neurologists and neuroscientists throughout the world. Many cellbased therapies have been tested, with limited success in terms of the functional outcome. In this study, we investigated the effects of human dentalpulp cells in a mouse model of compressive spinal cord injury. These cells present some advantages, such as the ease of the extraction process, and expression of trophic factors and embryonic markers from both ecto-and mesenchymal components. Young adult female C57/Bl6 mice were subjected to laminectomy at T9 and compression of the spinal cord with a vascular clip, for 1 minute. The cells were transplanted 7 days or 28 days after the lesion, in order to compare the recovery when treatment is applied in a subacute or chronic phase. We performed quantitative analyses of white-matter preservation, trophic-factor expression and quantification, and ultrastructural and functional analysis. Our results for the HDPC-transplanted animals, showed better whitematter preservation than the DMEM groups, higher values of trophic factors expression in the tissue, better tissue organization, and the presence of many axons being myelinated by either Schwann cells or oligodendrocytes, in addition to the presence of some healthy-appearing intact neurons with synapse contacts on their cell bodies. We also demonstrated that HDPC were able to express some glial markers such as GFAP and S-100. The functional analysis also showed locomotor improvement in these animals. Based on these findings, we propose that HDPCs may be feasible candidates for therapeutic intervention after spinal cord injury and Central Nervous System disorders in humans.
dehydration and loss of blood, and Baytril injections (2.5 mg/kg/d, s.c., Bayer, Brazil). Bladders were manually expressed twice a day until spontaneous urinary function returned.
Human Dental-Pulp Cell Preparation: Human dental-pulp cells from the DL2 lineage were cultured in 150 cm 2 flasks in a monolayer, with Dulbecco's modified Eagle's medium (DMEM)/Ham's F12 supplemented with 15% fetal bovine serum (FBS, HyClone, Logan, UT, USA), 2 mML glutamine (GIBCO), 50 µg/ml gentamicin sulphate (Schering-Plough), and 1% nonessential amino acid (GIBCO). The medium was refreshed every 2 d, and the culture was maintained semiconfluent. All cultures were incubated at 37 0 C in a 5% CO 2 and highhumidity environment. The cells were dissociated with TrypLE Express (Invitrogen), centrifuged, and counted using a Neubauer chamber, to obtain the desired amount of cells (8x10 5 cells in 4 µL). Before transplantation, the cells were labeled with Cell Tracer, a fluorescent marker, in order to follow them in the host tissue. To investigate the HDPC morphology, these cells were cultured on coverslips for 4 d, fixed with 4% paraformaldehyde, and stained by hematoxylin-eosin (HE). In addition, some samples were dehydrated in acetone and embedded in epoxy resin for ultrastructural analysis.
epicenter of the lesion, using a 10-µL Hamilton syringe. We also had a sham group that received no cells but were submitted to all surgical procedures.
White-Matter Sparing: Twenty-five animals (5 per group) were perfused intracardially with 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4).
The spinal cords were extracted and divided at the lesion epicenter into two different regions: caudal and rostral (as illustrated in Figureure 3 ). These samples were cryoprotected with 10%, 20%, or 30% sucrose, embedded in OCT (Tissue Tek), and 10-µm-thick coronal sections were obtained with a cryostat (Leica CM 1850, Germany). We made serial sections, and one of every eight slides, with 6 sections spaced 50 µm apart, rostral and caudal to the epicenter, was stained with luxol fast blue, which stains myelin, over a total of 2.4 mm of the sample. The spared white matter was calculated as the total coronal section area minus the non-stained area, and reported as a percentage of total area. For this quantification we used the JAVA software. These quantifications were performed using the ImageJ free software. For statistical analysis, data were analyzed in GraphPad Prism 4.0 (GraphPad software, USA 488 goat anti-rabbit (1:600, Sigma) for 2 h, followed by three washes of ten minutes each, counterstained with DAPI nuclear label, and coverslipped with Fluoromount (Sigma). Primary antibodies were omitted for negative controls.
The sections were observed under confocal microscopy (Disk scanning unit; Olympus).
Trophic factor quantification:
We evaluated the quantity of trophic factors in the tissue, by performing an immunofluorescence analysis for BDNF, NGF, NT-3 and NT-4 on the spinal cord sections. We used the same protocol described above and the primary antibodies used were: rabbit anti-human BDNF (Preprotech, 1:100), rabbit anti-human NGF (Preprotech, 1:100), goat anti-three washes, and coverslipped with Fluoromount(Sigma). For quantification studies 12 animals (3 per group) were used. The immunofluorescence images were analyzed with the Image-Pro Plus (version 6.0), by evaluating the ratio between stained area and total field area. We used six sections from each animal and these sections were 100 um apart. From each section we took 2 pictures using the 10x objective in order to have the whole spinal cord cross section. After that, the trophic factors, BDNF, NGF, NT-3 and NT-4 were quantified using these images. The data were statistically analyzed using GraphPad Prism and we used one-way Anova and Tukey´s test as a post test.
Data are presented as mean±SEM.
Electron Microscopy: Eight weeks after the animals received the cell transplantation, they were anesthetized with ketamine and xylazine as described above, and perfused intracardially with a solution of 4% paraformaldehyde and 1% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4).
The spinal cords were extracted, divided into three different segments (epicenter of the lesion, and rostral and caudal to it), and post-fixed by immersion in 1% osmium tetroxide in cacodylate buffer with 0.8% potassium ferrocyanide for 6 h at room temperature. The samples were washed three times with 0.1 M phosphate buffer (pH 7.4), dehydrated with a graded acetone series, embedded in resin, and polymerized for 48 h at 60 °C. Semithin (500nm) and ultrathin sections were made using a RMC ultramicrotome. Although trophic-factor staining presented low immunoreactivity because they are soluble and therefore spread very fast in the tissue, we could observe a difference in the staining pattern among the groups. In general, the HDPC groups showed an increased immunoreaction per area in relation to DMEM groups, especially the subacute group, which presented higher levels of all analyzed trophic factors. In relation to the chronic group we only observed differences between HDPC and DMEM during BDNF and NGF quantification.
We also performed immunohistochemistry in both groups for several glial Chronic spinal cord-injury is a challenging area of restorative medicine.
Also, one of the issues that have not received adequate experimental attention is the best time window for cell transplantation in animal injury models. One of the aims of this study was to compare results obtained from animals treated in the subacute phase with those in the chronic phase. Our study showed better results when the cells were transplanted 7 days after the lesion; however, we also found positive effects when the treatment was applied in the chronic phase, when there is a very hostile environment with astroglial scarring and tissue loss.
These results suggest that these cells can be successfully applied in spinal cord injury treatments in both periods.
Here we demonstrated an important therapeutic potential of HDPC transplantation, as applied in both subacute and chronic stages of a mice compressive spinal cord injury. We conclude that HDPCs are excellent candidates for further evaluation for stem-cell-based treatments, to be used either in other animal injury models, or, hopefully, in human trials in the near future.
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Figure 1 , and S-100 (arrows, D). However, we did not observe any colocalization of HDPC and Gal-C (C). We also observed that there are some host cells in the tissue, like astrocytes (short arrows, B), oligodendrocytes (short arrows, C), and Schwann cells (short arrows, D). We can also see some Cell
Tracer-positive HDPC in B (arrowheads). 154x124mm (300 x 300 DPI)
Figure 5: Semithin and ultrathin sections of spinal cords from subacute DMEM-treated animals (A-C) and HDPC animals (D-I). Observe in A semithin section with several cavitations (short red arrows). In B, Schwann cell (solid white arrow) with its typical basal laminae (insert) and in C, astrocyte processes (arrowhead) and several microcavitations (asterisks). D shows semithin section of HDPC treated animals with more preserved morphology. E represents many preserved fibers (white long arrows) and macrophages (black short arrows). We can see in F Schwann cells (solid arrows) and oligodendrocytes (black long arrows) myelinating axons. G shows an example of regenerative islands, H represents a preserved healthy-appearing neuron with intact terminals making synaptic contacts on its cell body, which are in higher magnification in I. 193x153mm (300 x 300 DPI)
